Background. It is unclear whether metabolic or body composition effects differ between protease inhibitorbased regimens recommended for initial treatment of human immunodeficiency virus (HIV) infection.
Both ritonavir-boosted atazanavir (ATV/r) plus tenofovir/ emtricitabine (TDF/FTC) and ritonavir-boosted darunavir (DRV/r) plus TDF/FTC are protease inhibitor-based regimens recommended as first-line therapy for human immunodeficiency virus (HIV)-infected patients based on major contemporary clinical guidelines [1] [2] [3] . Each regimen has demonstrated better overall tolerability than ritonavir-boosted lopinavir (LPV/r) plus TDF/FTC [4, 5] .
Short-term low-dose ritonavir (100 mg/day) has been reported to induce dyslipidemia [6] but not insulin resistance [7] . Although 100 mg/day of ritonavir is used in first-line therapy with both protease inhibitors, ritonavir plasma levels have been reported to be higher with ATV than with DRV [8, 9] . Antiretroviral-naive patients who started TDF/FTC-based therapy gained significantly more limb fat with ATV/r than with efavirenz [10, 11] or LPV/r [12] at 96 weeks. Potential body fat effects of DRV/r are not well known. Unlike DRV/r, ATV/r induces hyperbilirubinemia, which may cause jaundice in some patients [13] , but it could also promote favorable metabolic effects due to its antioxidative properties [14] .
A pilot 48-week study with approximately 30 patients per arm was conducted to compare lipid, biomarkers, and body fat effects of DRV/r vs ATV/r in combination with TDF/FTC in antiretroviral-naive patients. It was concluded that both regimens had a similar metabolic profile [15] . ATADAR is a multicenter, randomized, open-label clinical trial comparing the effects of ATV/r with TDF/FTC or DRV/r with TDF/FTC on metabolism, body composition, overall tolerability, and efficacy in a larger number of antiretroviral-naive HIV-infected patients followed for 96 weeks. The main study hypothesis was that lipid changes in both regimens would be similar and would be lower than those reported with LPV/r. In a planned interim analysis at 24 weeks, total cholesterol increased to 7.2 and 11.5 mg/dL and high-density lipoprotein (HDL) cholesterol increased to 5.5 and 3.9 mg/dL in the ATV/r and DRV/r arms, respectively [16] . Longer follow-up was necessary to determine whether plasma lipids and other predefined parameters of interest might ultimately differ between both regimens. Here, we report the final planned 96-week results of the ATADAR study.
METHODS

Study Design
ATADAR was a 96-week, phase 4, open-label, multicenter, randomized clinical trial performed in 16 Spanish medical centers. Entry criteria and study design have been detailed elsewhere [15] . Briefly, stable antiretroviral-naive HIV-infected adults with plasma HIV RNA ≥1000 copies/mL were randomly assigned in a 1:1 ratio to receive either atazanavir 300 mg with ritonavir 100 mg or darunavir 800 mg with ritonavir 100 mg plus the fixed-dose combination TDF/FTC as once-daily antiretroviral regimens. After randomization, patients were assessed at least at baseline, 4, 12, and every 12 weeks until 96 weeks. No specific physical or dietary recommendations were given.
Virological failure was defined as confirmed plasma HIV RNA ≥50 copies/mL at 24 weeks or later. Genotypic resistance testing was done with the ViroSeq HIV genotyping system according to the manufacturer's instructions (Applied Biosystems, Foster City, California). Progression to AIDS was defined according to the 1993 classification of the Centers for Disease Control and Prevention [17] .
Study Assessments
At each visit, clinical data were collected and blood samples were obtained after at least an 8-hour overnight fast. Analyses of complete blood count and CD4 cell counts; plasma HIV RNA; plasma lipids including total, low-density lipoprotein (LDL), and HDL cholesterol and triglycerides; creatinine; and total bilirubin were performed at each site using similar preestablished methods throughout the follow-up period. Plasma glucose, creatinine, total bilirubin, total and HDL cholesterol, and triglycerides were measured using commercial enzymatic kits. LDL cholesterol was calculated using the Friedewald equation whenever triglycerides were <400 mg/dL [18] ; otherwise, it was measured directly. Estimated glomerular filtration rate (eGFR) was calculated using the chronic kidney disease epidemiology collaboration (CKD-EPI) equation with serum creatinine standardized to reference methods [19] .
Plasma glucose and insulin were measured at baseline and 24, 48, and 96 weeks using an immunoradiometric method. Insulin resistance was estimated with the homeostatic model assessment of insulin resistance (HOMA-IR) [20] . Inflammation (high-sensitivity C-reactive protein [hsCRP] and interleukin-6 [IL-6]) and oxidation (malondialdehyde [MDA] and oxidized LDL [LDLox]) markers were centrally measured in −80°C frozen plasma samples collected at baseline and 48 weeks. hsCRP was determined by particle-enhanced immunonephelometry (Dade Behring, Marburg, Germany). IL-6 was measured using a commercially available enzyme-linked immunosorbent assay (ELISA) assay (Quantikine HS, human IL-6 immunoassay, R&D Systems, Minneapolis, Minnesota). MDA was measured by high-performance liquid chromatography [21] . LDLox was determined by ELISA using the monoclonal 4E6 antibody (Mercodia AB, Uppsala, Sweden).
At baseline and 48 and 96 weeks, weight and height were measured and whole body dual-X absorptiometry (DXA) scans were performed to assess body fat, fat-free mass, and bone mineral content; abdominal computed tomography (CT) scans were performed to assess subcutaneous (SAT), visceral (VAT), and total (TAT) abdominal adipose tissues. Body mass index (BMI) was calculated by dividing weight (in kilograms) by the square of height (in meters). The ratio of leg fat percentage-to-BMI was used as a measure of the regional distribution of subcutaneous fat relative to a measure of generalized adiposity [22] . DXA and CT imaging were performed locally following previously standardized scanning protocols for each patient on the same radiographic machine and with identical parameters each time. All scans were centrally read at the end of the study by 1 radiologist unaware of scanning date and assigned therapy.
Safety was assessed through the reporting of clinical adverse events and laboratory abnormalities. The severity of adverse events was evaluated according to the Division of AIDS toxicity table [23] .
Statistical Analysis
The primary endpoint of the ATADAR study was the change in total cholesterol at 24 weeks [15] . For the purpose of the final 96-week analysis, the predefined secondary endpoints included the following: proportion of patients free of treatment failure or virological failure at 96 weeks; proportion of patients with study drug discontinuation due to adverse effects at 96 weeks; changes in lipids, insulin sensitivity (HOMA-IR), total bilirubin, eGFR (CKD-EPI), and CD4 cell counts at 48 and 96 weeks; changes in inflammatory and oxidation markers at 48 weeks; and changes in DXA-and CT-derived body composition parameters at 48 and 96 weeks. Further analyses were also planned to assess the relationship between baseline HIV-1 RNA and risk of virological failure, ATV/r-related hyperbilirubinemia and risk of other potential ATV/r-related toxicities, and insulin resistance and body fat changes.
All randomized patients, except those who violated entry criteria and those who never started study medication, were included in the analysis. In the treatment failure analysis, failure was considered in all patients who had progression to AIDS, died, had virological failure, discontinued study medication, withdrew consent, or were lost to follow-up. In the virological failure analysis, failure was defined by progression to AIDS, death, or virological failure during treatment, whereas patients who withdrew consent, were lost to follow-up, or switched or stopped study medication were censored. Switches in the background regimen were not considered treatment failures as long as plasma HIV-1 RNA remained at <50 copies/mL. Changes from baseline in total cholesterol and other laboratory parameters were analyzed by repeated measures analysis of covariance adjusted for clustering within each center. ATADAR fulfilled CONSORT 2010 Statement criteria [24] .
Statistical analysis was performed with Stata 9.2 (StataCorp, College Station, Texas). χ 2 or Fisher exact tests were used to compare proportions between treatment arms. The Student t test or Mann-Whitney U test were used for comparisons of continuous variables between arms. Ninety-five percent confidence intervals (95% CIs) for treatment differences were also calculated. Correlations between continuous variables were explored using Pearson correlation tests. Linear regression was used to adjust for baseline variables. All comparisons were made with use of a 2-sided alpha level of 0.05.
RESULTS
Baseline Characteristics
Two hundred and fourteen patients were assessed for eligibility; 180 underwent randomization and 178 (ATV/r, n = 90; DRV/r, n = 88) received at least 1 dose of study drugs and were included in the analysis (Figure 1 ). Baseline characteristics are listed in Table 1 .
No participant received lipid-lowering therapy at baseline.
Efficacy
Fifty-six (62%) ATV/r and 62 (70%) DRV/r patients remained free of treatment failure (estimated difference 8.2%; 95% CI, −.6 to 21.6; P = .25), and 71 (79%) ATV/r and 75 (85%) DRV/r patients remained free of virological failure (estimated difference 6.3%; 95% CI, −.5 to 17.6; P = .27) at 96 weeks. One patient died 
Viral Resistance Testing
HIV-1 RNA could be amplified in 6 of 17 patients experiencing virological failure in the ATV/r arm, and 4 had mutations detected: patient 1: V245M; patient 2: E35D, K43KN, D60E, I93L; patient 3: A71V, E35D, M36I, I62V, I93L; and patient 4: V241V. HIV-1 RNA could be amplified in 5 of 13 patients experiencing virological failure in the DRV/r arm, and 4 had mutations detected: patient 1: I15V; patient 2: E35D, L63P; patient 3: E35D, L63P; and patient 4: I13V, M36IM, I62IV, L63HQ. None of these mutations were associated with virological resistance.
Overall Safety
There were more patients in the ATV/r than in the DRV/r arm who experienced at least 1 related adverse event (n = 52 at least 1 adverse event that led to discontinuation in the ATV/r arm. There was no association between plasma bilirubin elevation and nonbilirubin adverse events in patients allocated to ATV/r.
Lipids and Framingham Score Assessments
Lipid changes at 48 and 96 weeks are shown in Table 2 . No patient received lipid-lowering therapy during the study. At 48 and 96 weeks, total and HDL cholesterol increased significantly and the total-to-HDL cholesterol ratio tended to decrease in each arm, without significant differences between arms. Increases in triglycerides were higher in the ATV/r arm than in the DRV/r arm at 48 weeks (estimated difference 22.4 mg/dL; 95% CI, .2 to 44.6; P = .048) and 96 weeks (estimated difference 21.5 mg/dL; 95% CI, −.7 to 43.8; P = .058). There were no differences between arms in mean (SD) changes in the Table 3 shows changes in insulin resistance (HOMA-IR), eGFR, and bilirubinemia at 48 and 96 weeks and changes in hsCRP, IL-6, MDA, and LDLox at 48 weeks. HOMA-IR showed a trend toward a higher increase in the ATV/r arm relative to the DRV/r arm at 96 weeks (estimated difference 0.7; 95% CI, −.1 to 1.5; P = .093). Both arms showed significant eGFR decreases at 48 and 96 weeks, but there were no significant differences between arms. As expected, bilirubin significantly increased in the ATV/r arm at 48 and 96 weeks, and differences between arms were very significant. There were no significant differences between arms in hsCRP, IL-6, MDA, and LDLox changes at 48 weeks. Supplementary Table 1 shows correlations between changes in plasma lipids and changes in bilirubin in each arm at 48 and 96 weeks. In the ATV/r arm, changes in bilirubin at 96 weeks were significantly associated with changes in total or HDL cholesterol at 96 weeks. Supplementary Table 2 shows correlations between changes in biomarkers and changes in lipids or bilirubin in each arm at 48 weeks. Changes in LDLox were significantly associated with changes in total cholesterol in both arms.
Chemistry Parameters Other Than Plasma Lipids and Biomarkers
Body Composition
Changes in body composition are shown in Table 4 . Body fat increased more in the ATV/r arm than in the DRV/r arm at 48 weeks (estimated difference 1432 gr; 95% CI, −67 to 2932; P = .061) and 96 weeks (estimated difference 2862 gr; 95% CI, 727 to 4998; P = .009). There were no significant differences in BMI, body fat-free mass, or bone mineral content changes between arms at 48 and 96 weeks. Both limb and trunk fat increased in the ATV/r arm (but not in the DRV/r arm) at 48 and 96 weeks. Limb fat (but not trunk fat) change was significantly higher in the ATV/r arm than in the DRV/r arm at 96 weeks (estimated difference 1403 gr; 95% CI, 388 to 2418; P = .007). SAT increased more significantly in the ATV/ r arm than in the DRV/r arm at 96 weeks (estimated difference 28.4 cm 2 ; 95% CI, 1.9 to 55.0; P = .037). Mean (SD) ratio of leg fat percentage-to-BMI at 96 weeks was 0.91 (0.36) in the ATV/r arm and 1.05 (0.42) in the DRV/r arm (P between arms = .048). Although VAT and TAT significantly increased in both arms at 48 and 96 weeks, differences between arms were not significant. We were unable to detect any influence of gender, age, fat mass, BMI, CD4 cell count, or HIV-1 RNA at baseline on subcutaneous or total fat gain.
There were no correlations between changes in limb fat and changes in bilirubin in both arms at 48 and 96 weeks (Supplementary Table 3 ). Figure 2 shows correlations between changes in HOMA-IR and changes in BMI and body fat parameters derived from DXA and CT scans at 96 weeks. There were significant correlations between changes in HOMA-IR and changes in BMI, body fat, and SAT in the ATV/r arm. These correlations remained significant after adjustment for baseline variables including gender, age, fat mass, BMI, CD4 cell count, and HIV-1 RNA. There were no correlations between HOMA-IR changes and changes in BMI and body fat parameters in the DRV/r arm.
DISCUSSION
In general, major outcomes were similar in both study arms and there was little to differentiate ATV/r vs DRV/r for use in firstline HIV treatment in terms of differences in efficacy or clinically relevant side effects. The proportions of patients remaining free of treatment failure at 96 weeks in the ATADAR study (62%, ATV/r; 71%, DRV/r) were roughly similar to those reported according to the Food and Drug Administration snapshot in the recently published AIDS Clinical Trials Group (ACTG) 5257 trial (63%, ATV/r; 73%, DRV/r) [25] . As expected [26] , there was no evidence of primary resistance mutations to protease inhibitors in patients who developed virological failure. A substantial proportion of adverse events in the ATV/r arm were related to hyperbilirubinemia, although they were of minor clinical relevance because there was no association between plasma bilirubin elevation and nonbilirubin adverse events in patients allocated to ATV/r and because the number of adverse events that led to discontinuation was similarly low in both arms. While the proportion of patients who discontinued DRV/r in ATADAR (6%) was similar to that in ACTG 5257 (5%), the proportion of patients who discontinued ATV/r in ATADAR (8%) was half that seen in ACTG 5257 (16%) [25] . Rates of ATV/r discontinuation due to adverse events in other major randomized clinical trials [4, 27, 28] were closer to those in ATADAR than to those in ACTG 5257. ATZ-related hyperbilirubinemia is a cosmetic effect that is reversible upon drug discontinuation [29] ; however, persistently high bilirubinemia or development of jaundice may make some patients or doctors consider ATV/r discontinuation.
We found no significant differences in total, LDL, HDL, and total-to-HDL cholesterol ratio changes at 48 and 96 weeks between the ATV/r and DRV/r arms. However, triglycerides tended to rise more in the ATV/r arm at 96 weeks. This finding was also reproduced in a planned intensive lipid substudy with a subpopulation of ATADAR patients in which the higher increase of triglycerides in the ATV/r arm was consistently associated with increases in small and dense LDL particles and a greater prevalence of LDL intermediate and B phenotypes as compared with the DRV/r arm [30] . We also found higher insulin resistance in the ATV/r arm relative to the DRV/r arm at 96 weeks, a finding consistent with that of increased plasma triglycerides [31] . We did not see significant changes in inflammation or oxidation markers at 48 weeks. Changes in bilirubin were not associated with changes in inflammation or oxidation biomarkers. We found consistent differences between arms in several fat parameters. Patients assigned to ATV/r experienced greater Figure 2 . Pearson correlations between changes in insulin resistance (homeostatic model assessment of insulin resistance [HOMA-IR]) and changes in body mass index (BMI) or body fat parameters in each arm at 96 weeks. Atazanavir/ritonavir arm (in blue): BMI change (coefficient 0.35, P = .04), total body fat change (coefficient 0.35; P = .05), limb fat change (coefficient 0.29; P = .11), trunk fat change (coefficient 0.34; P = .05), subcutaneous abdominal adipose tissue (SAT) change (0.67, P = .0001), and visceral adipose tissue (VAT) change (coefficient 0.21; P = .28). Darunavir/ritonavir arm (in red): BMI change (coefficient 0.08, P = .65), total body fat change (coefficient 0.08; P = .63), limb fat change (coefficient 0.07; P = .68), trunk fat change (coefficient 0.14; P = .40), SAT change (0.01, P = .96), and VAT change (coefficient 0.08; P = .66). increases in body fat than patients assigned to DRV/r. Although an increase in BMI and body fat following the initiation of effective antiretroviral therapy may reflect the "return-to-health" phenomenon in underweight patients [32] , the observed difference in body fat between arms suggests differential drug effects because baseline BMI was normal and the 96-week BMI change was not different between arms. In our study, the ratio of leg fat percentage-to-BMI decreased in the ATV/r arm while it increased in the DRV/r arm, with significant differences between arms at 96 weeks. The lower the ratio of leg fat percentage-to-BMI, the more evident the phenotype of lipoatrophy in patients treated with thymidine analogues, although values reported in lipoatrophic patients (≤0.65) [33] were far lower than those measured in ATADAR participants at 96 weeks (≥0.91). Patients assigned to ATV/r experienced greater increases in triglycerides and HOMA-IR at 96 weeks than those assigned to DRV/r, thus supporting a potential association between body fat gain and insulin resistance. We found that changes in BMI, total body fat, and SAT were significantly related to HOMA-IR in the ATV/r arm after adjustment for baseline variables. In this context, it was surprising that limb fat and SAT, which reflect the same subcutaneous fat compartment, consistently increased more in the ATV/r arm than in the DRV/r arm, while VAT increased similarly in both arms. Subcutaneous fat in the limbs has been traditionally associated with beneficial metabolic effects [34, 35] , while VAT has been considered a major culprit in development of insulin resistance. However, recent evidence suggests that an increase in SAT can also have a significant metabolic impact in persons in whom VAT is not necessarily increased [36, 37] . Increases in trunk fat, predominantly SAT, have been reported in other studies that switched from LPV/r [38] or twice-daily ritonavir-boosted protease inhibitors [39] to ATV/r at 48 and 96 weeks, respectively. Moreover, ATV/r was shown to exert multiple effects on cultured adipocytes compared with a relatively neutral impact of DRV/r [40] .
Our study had limitations. The sample size was estimated for detecting differences in total cholesterol but not in other parameters. Although increases in triglycerides and insulin resistance tended to be greater in the ATV/r arm than in the DRV/r arm at 96 weeks, differences between arms were not significant and therefore should be interpreted with caution. We found consistent differences in several body fat parameters, but their ultimate clinical meaning is not completely clear. The ATADAR study did not include adipose tissue biopsies, and in vivo studies of adipose tissue could have been helpful.
In conclusion, no major differences between ATV/r and DRV/r were found for efficacy, clinically relevant side effects, or plasma cholesterol fractions after 96 weeks. However, ATV/ r-based therapy led to higher triglycerides and higher total fat and subcutaneous fat than DRV/r-based therapy, and fat gains with ATZ/r were associated with insulin resistance. Further studies are needed to confirm our observations and to determine their clinical relevance.
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